Introduction {#S0001}
============

Coronary Artery Disease (CAD) is a well-known medical health issue that continues to be on the rise not only in the Western developed world but also in developing countries in the South Asian region, particularly Bangladesh.[@CIT0001] In native Bangladesh, surprisingly there are some studies that demonstrate the link between being Bangladeshi and having CAD. These studies demonstrate a link between native Bangladeshi having not only premature CAD but also higher mortality risk with myocardial infarction (MI) than their non-Bangladeshi counterparts.[@CIT0002],[@CIT0003] More data need to be extrapolated from native Bangladeshis for CAD. One epidemiological study from Bangladesh showed an large rise of cardiovascular disease (CVD) from 1986 to 2006, yet the question still remains about what the more recent data from 2006 to the present time shows, only in Bangladesh but also in the United States (US).

Recent small studies from New York City (NYC) have looked at the above hypothesis of Bangladeshis being predisposed to premature CAD and extensive coronary angiographic two vessel or triple vessel diseases.[@CIT0004],[@CIT0005] We examined a slightly larger cohort of US Bangladeshis within Paterson city, New Jersey. The data shows that Paterson has the second largest Bangladeshi population in the US after NYC. The objectives of this study were as follows: 1) Whether or not the CAD risk factors of Bangladeshis differ from non-Bangladeshis; 2) Whether there is any difference in the extent of CAD between the two groups; and 3) If there are risk factors that can significantly affect the extent of CAD﻿.

Methods {#S0002}
=======

After approval from our institutional review board (IRB) all patients with a diagnosis of CAD admitted in the 800 beds tertiary care hospital in Paterson between January 2001 and December 2015 were retrospectively analyzed. The present study was approved by the IRB at the St Joseph's Healthcare System, Paterson, New Jersey, USA. Patient consent to review their medical records was not required by the IRB. The study compiled with the Declaration of Helsinki and exemption from full review and patient informed consent due to the anonymized data collection. The main inclusion criteria were age ≥ 35, presenting with ischemic symptoms including acute coronary syndrome, and history of cardiac catheterization during the above time frame. Bangladeshi race was determined based upon nationality or self-declaration by the patient. Non-Bangladeshis population included Caucasians, Hispanics, African Americans but excluded other South Asian countries like India and Pakistan. We reviewed the factors such as age, sex, and body-mass index (BMI). We also reviewed risk factors for CAD such as dyslipidemia, hypertension, diabetes, smoking and family history of CAD. Patients whose race was not possible to document were excluded from the study. There were 150 Bangladeshis and another randomly selected group of 193 non-Bangladeshis included in the study for whose angiographic findings were analyzed. The outcomes we examined were CAD with 4 levels -- 0 (non-obstructive), 1 (single vessel), 2 (two vessel), 3 (triple vessel) from which we examined the relationships between the aforementioned risk factors. CAD was defined based upon angiographic findings. No apparent CAD: no stenosis \> 20%; non obstructive CAD: ≥1 stenosis ≥ 20% but no stenosis ≥70%; obstructive CAD: any stenosis ≥ 70% or left main (LM) stenosis ≥ 50%. There are mainly three steps in this study: first, we compared the risk factors of both groups. Secondly, the extent of CAD was compared for both groups. Third, logistic regression was performed to estimate the effects of risk factors on CAD. The risk factors of both of these groups were compared using χ2 tests for dichotomous variables and *t*-tests were conducted for continuous variables. For the extent of CAD, χ2 test was used for comparing these two groups. By using logistic regression, we analyzed the effects of ethnicity and each of the risk factors to estimate the likelihood of having different extents of CAD. Odds Ratio (OR) was used to compare the extent of CAD among each group. A quick data screening showed that some factors received only several responses. For some other factors, all the observations had the same answer. Discussions of these factors were essentially meaningless, and thus not analyzed. Factors that seemed important to be analyzed are mentioned in the results section.

Results {#S0003}
=======

A total of 343 medical records were evaluated, which included two groups: 193 non-Bangladeshis and 150 Bangladeshi subjects. [Table 1](#T0001){ref-type="table"} shows that the Bangladeshi group was older than the non-Bangladeshi group (63.49 vs 59.22, p-value=0.001), and included a larger proportion of males than the non-Bangladeshi group (28.7% vs 15.68%, p-value=0.0116). Bangladeshi subjects are more likely to be smokers than non-Bangladeshis (11.75% vs 6.67%, *χ*^2^=12.7, p-value=0.0004). The BMI between both groups is significantly different. DM and HbA1C do not differ from the two groups.Table 1Showing Demographic Comparisons Between the Bangladeshi and Non-Bangladeshi PopulationRisk FactorsBangladesh (N=150)Control (N=183)P-valueAge (years)63.49 (12.53)59.22 (11.03)0.001Sex (male)97 (28.7)53 (15.68)0.012Smoking (yes)37 (11.75)21 (6.67)0.0004HDL (yes)68 (21.07)104 (43.51)0.046DM (yes)67 (21.07)91 (28.62)0.723HbA1C (yes)48 (26.27)91 (28.62)0.055BMI 18--2521 (10.88)38 (19.69)0.001 25--3022 (11.40)47 (24.35) 30--3528 (14.51)19 (9.84) \>3513 (6.74)5 (2.59)[^1]

[Table 2](#T0002){ref-type="table"} shows the  of CAD for both groups. Non-obstructive, 1-vessel, 2-vessel, and 3-vessel accounts for 13.33%, 36.67%, 22%, and 28% for Bangladeshis, and 16.39%, 20.77% 34.43% and 28.42% for non-Bangladeshis, respectively. The difference of extent of CAD is significant between the two groups (*χ*^2^ =12.397, p-value=0.0061). The findings suggested that Bangladeshi ethnicity has almost 2 times the likelihood of having 1-vessel CAD at coronary angiography (OR=2.361, 95% CI, 1.452--3.839, p=0.0005). 3-vessel coronary artery disease was slightly higher in Bangladeshis as compared to non-Bangladeshis (OR 1.054, 95% CI, 0.654--1.700, p 0.827). Meanwhile non-obstructive and 2-vessel Bangladeshis are significantly lower than that of non-Bangladeshis. DM is related to all types of CAD, while the other risk factors are more or less related, ie, age is associated with 2-vessel and 3-vessel CAD, and sex is associated with 1-vessel and 2-vessel CAD.Table 2Shows Extent of CAD for Both GroupsExtent of CADBangladeshi (N=150)Controls (N=193, Missing=10)Non-obstructive20 (13.33)30 (16.39)1-vessel55 (36.67)38 (20.77)2-vessel33 (22.00)63 (34.43)3-vessel42 (28.00)52 (28.42)[^2]

Discussion {#S0004}
==========

As previously demonstrated, being Bangladeshi, particularly being a Bangladeshi male, predisposes oneself to CAD and extensive coronary angiographic disease. Our study demonstrates that the Bangladeshi group is older than the non-Bangladeshi group and includes more males. This probably leads to more smokers. Non-obstructive and 2-vessel CAD of Bangladeshis are significantly lower than that of non-Bangladeshi, whilst 3-vessel CAD of the former is larger. Logistic regression indicates that Bangladeshi ethnicity is associated with almost 2 times the likelihood of having 2-vessel CAD. DM is related to all the types of CAD, at the same time the other risk factors are more or less related, ie, age is associated with 2-vessel and 3-vessel CAD and  sex is associated with 1-vessel and 2-vessel CAD.

The smaller studies that have been performed in the USA have shown links between being Bangladeshi and premature CAD associated with high mortality and morbidity. Possible explanations for this theory are of course multifactorial, which can be either non modifiable or modifiable factors. Non-modifiable factors in this case would be gender, race, sex, genetics. Modifiable factors would be smoking, hypertension, hyperlipidemia and Diabetes Mellitus type 2.[@CIT0003]

Studies have shown genetic links to CAD, such as polymorphisms involving genes regulating angiotensin-converting enzyme, apolipoprotein A (apoA), apolipoprotein B (apoB), apolipoprotein E (apoE), adipokine, homocysteine, plasminogen activator inhibitor-1, and fibrinogen.[@CIT0006],[@CIT0007] However, these are examples of those affected in all races. How about the South Asians? The Coronary Artery Disease (C4D) Genetics Consortium performed a meta-analysis of four large genome-wide association studies of CAD, two of European ancestry (PROCARDIS and HPS) and two of South Asian ancestry (PROMIS and LOLLIPOP) and found five new loci, ie, LIPA on 10q23, PDGFD on 11q22, ADAMTS7-MORF4L1 on 15q25, a gene rich locus on 7q22, and KIAA1462 on 10p11 for CAD, that have similar associations in Europeans and South Asians.[@CIT0008] Recently, six novel genetic loci have been identified in South Asians, which are associated with type 2 diabetes mellitus (DM), a major risk factor for CAD.[@CIT0009] However, many CAD genes are presently undiscovered, and it is likely that larger genome wide association studies will map further penetrance and further studies are needed to corroborate these findings; to confirm that findings in Bangladeshis apply to other South Asian groups.[@CIT0010]

However, we examined what genetics link Bangladeshis to CAD that could support our current study findings. Dating from 2002, Morshed et al^11^ found a positive association between angiotensin I-converting enzyme (ACE) gene insertion/deletion (I/D) polymorphism and hypertension in a Bangladeshi population. Among the three ACE (insertion/deletion) I/D variants, the DD genotype was considered more worrisome. Both mean systolic and mean diastolic blood pressure was found to be higher in the population with DD genotype, especially in men. Further research is needed to clarify the issue. Recent studies show links between the modifiable risk factors that can cause CAD such as hypertension or hyperlipidemia but there needs to be more extensive research on Bangladeshis having specific gene polymorphisms that cause CAD and subsequent extensive double or triple coronary artery disease.

Epigenetics has been initially studied in patients with CVD for its prominent role in inflammation and vascular involvement.[@CIT0012] Both DNA methylation, miRNAs and epigenetic mechanisms have been described in atherosclerosis. Genetic variants and metabolomic data also play an important role in atherosclerosis which impacts lipid-related loci and the metabolites as they are primarily linked to lipoproteins.[@CIT0013] These can lead to accelerated atherosclerosis especially in the young population. Several biomarkers have been identified that predicted the incident of atherosclerotic cardiovascular disease (ASCVD) that predicted all-cause mortality.[@CIT0014] Many biomarkers represent regulators of metabolic and adipocyte homeostasis; others are involved in inflammatory pathways. Using a targeted discovery proteomic platform, studies have demonstrated novel biomarker associations with incident CVD events and validate previous genetic associations. All these factors have different predilection to different ethnic subgroup populations, including Bangladeshis.

Inflammatory biomarkers and adipocytokines (IBA) may contribute to atherosclerosis by promoting vascular inflammation. In the MASALA study, IBA did not help identify South Asians to be at risk of subclinical atherosclerosis, although associations with ASCVD events remain unclear.[@CIT0015] In the South Asian population, including Bangladeshi, they may have a distinct pathophysiology independent of inflammation as measured by IBA.

We ultimately are aware that hypertension, hyperlipidemia, Diabetes Mellitus type 2, smoking, diet and exercise all play an interlinked role in increasing the risk of a coronary event, however is there a reason that Bangladeshis have higher incidence of hypertension, diabetes, and smoking compared to their nonBangladeshi counterparts? So far studies strongly document the link between South Asians being known for adopting a high carbohydrate and lipid rich diet stemming from an early age into the older generation,[@CIT0004],[@CIT0016]-[@CIT0019] this could consequently lead to metabolic syndrome which includes hypertension and hyperlipidemia causing a greater risk of CAD in South Asians generally. Smoking may be due to stigmata of stress or lower education attainment that may prevent South Asians or Bangladeshis from understanding the risk of smoking when their whole life involved smoking (first hand or second hand) to eating a particular diet as mentioned.

Our study showed that the extent of CAD is significantly higher in the Bangladeshi population as compared to non-Bangladeshis. Our study provides a stronger starting point for those to examine modifiable and non-modifiable risks for CAD in Bangladeshis and why that particular race can have greater than multi-vessel coronary artery disease. Additionally, is race a standalone independent risk factor, equivalent to being a male? If so, studies not only from the USA but also internationally including native Bangladeshis need to examine the pattern closely.

Previous studies across the USA, UK and Bangladesh have been small, ie, less than 100. In our study we almost reached 200 participants to which our data does support the hypothesis that being Bangladeshi not only increases your risk of CAD but increases the extent of CAD angiographically. The main limitation of our study is that it was conducted in one institution and included a population located in the vicinity of Paterson city in New Jersey, USA. This sample might not represent the true Bangladeshi race. In addition, socioeconomic factors, educational status, dietary factors, and approach to health care access play a vital role in clinical outcomes.

However, the future direction of this study will lead to empowering knowledge for the population and highlight the importance of CAD in South Asians, specifically in Bangladeshis. As hypothesized in the discussion the causes to support our findings are multifactorial. That is to say, the rise of metabolic syndrome, genetic predisposition combined with sedentary lifestyle and a high carbohydrate, high lipid and high glucose diet due to consuming ethnic food early on could be potentiating the risk of Bangladeshis having CAD with extensive angiographic evidence.

Conclusion {#S0005}
==========

This study is a pivotal starting point for further evaluating the link between Bangladeshis and CAD. In our study, we found that being Bangladeshi increases the risk of having CAD and may be an independent risk factor for multi-vessel CAD.
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[^1]: **Abbreviations:** HDL, high density lipoprotein; DM, diabetes mellitus; HbA1c, hemoglobin A1C; BMI, body mass index.

[^2]: **Abbreviation:** CAD, coronary artery disease.
